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Abstract
Water Cherenkov Detectors (WCDs), which are part of the LAGO experimental array, are being built in the cities
of Riobamba, Quito and Cumbaya in Ecuador. In order to increase the sensitivity and eﬃciency of these devices,
it is necessary to ensure that the water used as radiator media absorbs as low as possible the UV light due to the
incident particles and produced by Cherenkov eﬀect. To do this, we built and used a device that allows us to measure
the attenuation length directly. Water samples puriﬁed by diﬀerent techniques are analyzed. Some characteristics
like absorbance, refractive index, conductivity and cost are studied. We attempt to simulate the Cherenkov eﬀect
in FLUKA, we report our ﬁndings and perform a comparison with results from previous reports of LAGO sites
elsewhere, and with other experiments that use WCD technology.
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1. Introduction
The following study focuses on determining the
most approppriate treatment for the water to be used
in the WCDs used in the LAGO project, starting with
“Panchito” WCD, located at Universidad San Francisco
de Quito in Cumbaya (2393 m.a.s.l.). Panchito WCD is
designed to be part of the LAGO project, which aims
at the detection of high energy photons from Gamma
Ray Bursts (GRBs) using the single particle technique
in ground based WCDs located at various sites at high
altitude and also as a monitor for space weather physics.
The main advantage of using WCDs is their sen-
sitivity to photons, which represent up to 90% of the
secondary particles at ground level for high energy
photon initiated showers[1]. Also, they are relatively
inexpensive and easy to calibrate.
The criteria applied to determine the water to be used
in the WCD are focused on comparing diﬀerent sam-
ples of water treated with diﬀerent techniques with the
results shown by other experiments that use WCDs, as
well as on the costs involved.
(a) (b)
Figure 1: (a) “Panchito” WCD; (b)PMT used in “Panchito” WCD
1.1. WCD Description
Panchito WCD (ﬁgure 1(a)) is a polyethylene cylin-
drical tank of 2500 l. It is covered with a thick dark
Available online at www.sciencedirect.com
Nuclear and Particle Physics Proceedings 267–269 (2015) 433–435
2405-6014/© 2015 Elsevier B.V. All rights reserved.
www.elsevier.com/locate/nppp
http://dx.doi.org/10.1016/j.nuclphysbps.2015.10.144
layer outside creating a barrier to avoid the entrance of
external light. Inside, it is completely covered with a
reﬂective material. The Cherenkov light produced by
the passagge of relativistic particles in the tank is then
captured from below by a EMI 5” 9530 photomultiplier
(PMT) (ﬁgure 1(b))[2].
2. Water Studies
The Cherenkov radiation is created when a charged
particle moves faster than the speed of light in the
media. The radiation is only observed at a angle θ with
respect to the track of the particle, so that (cosθ)α 1n ,
where n is the refractive index of the medium. The
radiation occurs mainly in the visible and near-visible
regions of the spectrum, where n > 1; for water n ∼ 1.3.
Particles are detected when they interact with water
and produce Cherenkov light, so detection eﬃciency re-
lies on the transparency of water so that the least amount
of Cherenkov photons are absorbed until they reach
the PMT. The salts dissolved in water can disperse the
Cherenkov light, decreasing the amount of photons that
the PMT receives; therefore as there are less dissolved
salts, the attenuation decreases.
2.1. Previous Experiments
From studies made by other LAGO sites and other
experiments that apply WCDs we have:
• LAGO: In Torino, ﬁltration with ionic exchange
columns, by anionic and cationic resins, which led
the conductivity to be 0.8 μS. In Caracas, a cellu-
lose ﬁlter was used for sediments of 5 μm and one
of activated carbon to retain chemical compounds,
then 120 g of Chlorine for pools and 40 g of alum
where added. In Merida the water was treated with
0.1% of alum and decanted in an auxiliary tank for
15 days to eliminate the precipitate. Also water-
shifter AMINO-G was used, in a concentration of
11.6 mg/l [3].
• Pierre Auger Observatory attemps to reduce the
oxygenation of water to not increase its conduc-
tivity, it is typically better than 5 MΩ.cm[4].
• SNO uses ultrapure heavy water and adds pH-
insensitive wavelength shifters[5].
• HAWC decreases the concentration of solute with
an ionic exchanger. Water is ﬁltered once, then UV
is used, and then it is ﬁltered again [6].
• Super-K Collaboration and Kamiokande Collabo-
ration use gadolinium sulfate solution to improve
water transparency and sensitivity of the anti-
electron neutrino detection[7].
• IMB detector works with suﬃciently puriﬁed wa-
ter that is highly transparent (absorption length
> 40 m) between 350 and 500 nm. However, slimy
biological (Beggiatoa) growth was noticed, but its
presence is tolerated[8].
2.2. Water Analysis Methods
Three samples of water were analyzed: distilled wa-
ter, Cumbaya tap water and Cumbaya tap water plus
peroxide in a concentration of 1 mll .
2.2.1. Spectrometer and Conductivity Meter
Using quartz windows cell attached to an UV-
Vis Spectophotometer and a conductivity meter, ab-
sorbance, conductivity and refractive index were deter-
mined. The spectrometer took as reference distilled wa-
ter, and measured the amount of light absorbed by the
water in a given wavelength (475 nm).
2.2.2. Water characterization with blue light absorp-
tion
Cumbaya tap water with and without peroxide was
characterized through an absorption parameter of blue
light (480 nm). Taking distilled water as reference, a
simple technique previously used in HAWC was used
to measure the attenuation lenght in a medium. The ar-
rengement consisted on using a one meter long ﬁxed
cylindrical tube to measure the attenuation of water. On
one side of the tube there was a light source, white and
blue light, and on the other side of the tube, there was
a light receptor, an optic ﬁber. In order to diminish the
background, a light tight enviroment was used.[9].
2.3. FLUKA Simulations
FLUKA can be used to do calculations asociated
with particle’s transport and their interaction with
matter. It is possible to simulate, with high precision,
the interaction and propagation in matter of near 60
diﬀerent particles, including photons and electrons
from 1keV to thousands of TeV.
To show how Cherenkov radiation behaves in water,
using “Panchito” WCD geometry and materials, a
set of MonteCarlo simulations using FLUKA were
attempted. The interaction of a beam of 10 GeV
protons with this WCD, and the ﬂuence of Cherenkov
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photons (photons/cm2) with a wavelength between
100 − 600 nm at the position or the PMT were es-
timated. The entrance ﬁle described the beam, the
beam position, geometry and materials (tyvek), optical
properties of the material (refractive index, absorption
and difussion coeﬃcient), and other optical products.
To calculate the photons ﬂuence, the transport and
propagation of the optic photons through the water were
activated. In the case of tyvek, it is spected that op-
tic photons of 100 and 600 nm would be reﬂected and
then reach the PMT, the commands used were OPT-
PROP and OPT-PROD. After that, the estimators for the
Cherenkov radiation simulation were deﬁned. The com-
mands used are USRBIN-XYZ for the photons map per
event in the detector, USRBIN-REGION for the pho-
tons count per event produced in water and USRCOLL
for the estimation of the photons ﬂuence in water.
3. Results
From the methods described in the last section, the
most useful results are listed on Table 1.
Cumbaya Cumbaya tap Distilled
tap water water+peroxide Water
Conductivity 185 μS 200 μS -
Refractive Index 1.3330 1.3326 1.3328
Absorbance 0.0743 0.0506 0.0476
Attenuation length (blue light) 13.460 m 19.752 m 21.000 m
Attenuation length (white light) 22.141 m 23.673 m 21.000 m
Table 1: Water studies results
From the FLUKA simulation it was expected to have
a photons map through “Panchito” WCD and the distri-
bution of Cherenkov photons per cm2. However, since
FLUKA works with extremely high energy ranges, the
Tyvek reﬂective property was not reached (Figure 2).
(a) (b)
Figure 2: (a) Geometry based on “Panchito” WCD; (b) Cherenkov
radiation simulated in “Panchito” WCD
4. Conclusions
After using three diﬀerent methods for water puriﬁ-
cation, it is decided that the most suitable sample of
water to be used is Cumbaya tap water with peroxide
(1 mll ), especially because of the water attenuation
length, since it ﬁts the WCD geometry. This water
composition is good enough compared to results from
other experiments, and has a reduced cost that makes
it suitable for the purposes of the experiments. Further
studies will be needed to determine the long-term
eﬃciency of the water treatment that has been chosen.
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